Either 53Hjindole-3-acetic acid (IAA) or 54-3Hjindole-3-acetyl-myoinositol was applied to the endosperm of kernels of dark-rown Zea mays seedlings. The distribution of total radioactivity, radiolabeled indole-3-acetic acid, and radiolabeled ester conJugated indole-3-acetic acid, in the shoots was then determined. Differences were found in the distribution and chemical form of the radiolabeled indole-3-acetic acid in the shoot depending upon whether 5-HJindole-3-acetic acid or 5pHjindole-3-acetyl-myo-inositol was applied to the endosperm. We demonstrated that indole-3-acetyl-myo-inositol applied to the endosperm provides both free and ester conjupted indole-3-acetic acid to the mesocotyl and coleoptile.
The tip of a grass shoot controls the growth rate of the lower portions of the shoot (30) . The studies of Ciesielski, Darwin, Cholodny, Went, and others (15, 30) indicated that the shoot tip supplied the growth hormone auxin to the lower portions of the shoot. Later it was established by bioassay (30) and by mass spectral methods (1, 2, 11, 29) Early work by Cholodny (7) and van Overbeek (30) with Avena indicated that the seed was the source of an auxin precursor. ' Supported by grants from the Metabolic Biology Section of the National Science Foundation, PCM 8204017, and the Space Biology Section ofLife Sciences National Aeronautics and Space Administration, Skoog (27) developed a bioassay for a 'seed auxin precursor,' in which the substance was collected into agar as it diffused from decapitated coleoptile stumps. The endosperm of kernels of Zea mays sweet corn contains small amounts of free IAA and large amounts of esterified IAA (3, 7, 12, 23, 28) and Sheldrake (26) demonstrated that an alkali-labile IAA compound was present in the xylem sap of Z. mays. Went and Thimann (30) had earlier suggested that the seed auxin precursor was an ester. This laboratory characterized the IAA-esters of the endosperm (7) and demonstrated that IAInos3 comprises 15% (28) of the total IAA of the kernel and 19% of the esters of the shoot (4) .
In this work (4, 7, 28) , and in the earlier work of Nowacki and Bandurski (20) it was demonstrated that IAInos can provide both IAA ester and free IAA to the shoot. Further, Komoszynski and Bandurski (16) showed that indole-3-acetyl-myo-inositol-galactoside provides IAlnos and IAA to the shoot (16) . On the basis of these findings, and, as discussed further, later in this paper, we conclude that, at least, one-half and probably more, of the IAA of the shoot comes from hydrolysis of IAA-esters in the shoot. However, Pengelly and Bandurski (21) and S. Schaerer and J. M. Ribaut (personal communication, Lausanne) have shown that Zea seedlings, grown on 30% D20, incorporated some deuterium into stable positions of the IAA ring. Thus some, although unknown amounts, ofde novo aromatic synthesis ofIAA is occurring. Neither tryptophan, nor tryptamine, provide appreciable IAA to the shoot (14, 18) and, in any case, conversion of these compounds to IAA would not account for incorporation of deuterium into the IAA aromatic ring.
The problems are: (a) to evaluate ester hydrolysis and de novo aromatic biosynthesis as, 'inputs,' to the IAA pool of the shoot; and, (b) to account for control, by the coleoptile tip, of the IAA in the shoot, presumably by control of these inputs. The data of this paper indicates that IAA and IAInos do not accumulate in the tip, and, in addition, it is known that an enzyme that hydrolyzes lAInos to IAA is not confined to the tip (13) . Thus, there is no ready explanation of control of IAA levels by the tip. We suggest that the tip plays a precursor conversion role, but that the hydrolysis and reexport to the shoot is too rapid to permit accumulation. Additional data supporting rapid conversion and turn around of precursor in the tip have appeared (25) . Nonetheless, since the IAA precursor and the enzyme converting the precursor appear to be distributed throughout the shoot, this conclusion does not explain the special control by the tip. Alternative postulates would be that the precursor and enzyme come together in the tip or that the tip plays an unknown regulatory function determining how much precursor is converted to IAA I Abbreviations: Wnos, indole-3-acetyl-myo-inositol; MeIAA (7, 28, 29) . The seedlings were incubated for either 2 or 4 h, the shoots harvested and dissected as previously described. The tissue was weighed to determine fresh weight and then ground in a glass homogenizer with sufficient acetone to give a tissue to acetone ratio of 3:7 (w/v). The acetone contained a known amount of unlabeled IAA (approximately 1.2 gmol) added as carrier. The tissue was extracted, divided into free and free + ester samples, and the free + ester sample hydrolyzed and the samples partitioned as described above. The residue remaining after evaporation of the CHC13 layer was dissolved in 20% (v/v) aqueous ethanol containing 1% (v/v) glacial acetic acid and placed on a Partisil 10 ODS CI8 reverse phase HPLC column (0.46 x 25 cm, Whatman) with a Co:Pell ODS precolumn (0.21 x 7 cm, Whatman). The sample was eluted with 20% (v/v) aqueous ethanol containing 1% (v/v) glacial acetic acid at a flow rate of 1 ml * min-' in a Varian 5000 liquid chromatograph equipped with a Varian UV-5 280 nm detector. The large amount of impurities prevented monitoring IAA elution by 280 nm absorption, and therefore a TLC spot assay, as described above, was used to locate the IAA containing fractions. The fractions eluting at the edges of the IAA peak (less than 5% of the peak) were discarded and the remaining peak fractions pooled. The pooled sample was evaporated to dryness in vacuo and methylated using ethereal diazomethane. The methylation reagents were evaporated under a stream of N2 and the residue dissolved in 30% (v/v) aqueous ethanol. The sample was placed on a reverse phase HPLC column, as previously described, and eluted with 30% (v/v) aqueous ethanol at a flow rate of 1 ml-min-'. The MeIAA elutes as a single fully resolved peak, as detected by 280 nm absorption, at approximately 14 to 16 ml. The relative amounts of MeLAA in the fractions collected at the MeIAA retention volumes were determined by the TLC plate spot assay as previously described. The main fractions (approximately 90% of the LAA in the peak) were pooled, the UV absorption spectrum determined, and aliquots taken from the spectrophotometer cuvette for determination of 3H by liquid scintillation counting. ---------------------- Figure 1. shoot pieces from the remaining 50 seedlings were placed in vials sitting on dry ice and then weighed to determine the 'fresh' weight. Free and free + ester [3H]IAA was determined by the two-step HPLC procedure described above.
Radio Chemical Yields. The percent of radioactivity injected into the endosperm appearing in the shoot was approximately 0.1 to 0.5%. This is a small radiochemical yield. However, after correction for reduction in specific activity by the endogenous pool of unlabeled IAA or IAA-myo-inositol in the endosperm, the yield represents some 40% of the 5 pmol * shoot' h-' used by the shoot. Thus, uptake from endosperm to shoot is a slow, but adequate, process.
RESULTS AND DISCUSSION
As shown in the data of Figure 1 (20) , and it can be hydrolyzed to yield free IAA (20, and this paper) and thus qualifies as a seed auxin precursor. However, the data of Figure 3 and previous work on the localization of an enzyme that hydrolyzes LAInos show no particular localization of the ester or the enzyme in the coleoptile tip or the mesocotyl node. Thus, the tip cannot be viewed as a reservoir for IAA or IAA precursor. It is this finding, together with the quantitative considerations reviewed below which make us conclude that rapid turnover of IAA and its esters occur in the tip or that the tip plays some catalytic role in regulating the amount of LAA available to lower portions of the shoot.
In this context, it is important to determine how much IAA is being used by the shoot. In Table II we have compiled a summary of various attempts to determine this number. As can be seen, the estimated rates of turnover for IAA in the shoot range between 1 to 6 pmol -shoot-' * h-' and for turnover in 
